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ABSTRACT 
Contrary  t o  popu la r  concept ,  i n  most c a s e s ,  
thermal  energy is t h e  r e a l  VALUE i n  cogene ra t ion  
and n o t  t h e  e l e c t r i c i t y .  The p rope r  c o n s i d e r a t i o n  
of  t h e  thermal  demands is  e q u a l  t o  o r  more impor- 
t a n t  than t h e  e l e c t r i c a l  demands. High e f f i c i e n c y  
two-stage abso rp t ion  c h i l l e r s  of t h e  type used a t  
Rice U n i v e r s i t y  Cogen P l a n t  o f f e r  t he  most a t t r a c -  
t i v e  u t i l i z a t i o n  of r ecove rab le  thermal  energy.  
With a  c o e f f i c i e n t  of performance (COP) up t o  
1.25, t he  two-stage, p a r a l l e l  f low a b s o r p t i o n  
c h i l l e r  can o f f e r  ove r  f i f t y  (50) pe rcen t  more 
u s e f u l  thermal  energy from t h e  same waste  h e a t  
source--gas t u r b i n e  exhaus t ,  I.C. eng ine  exhaus t  
and j acke twa te r ,  i n c i n e r a t o r  exhaus t ,  o r  s team 
t u r b i n e  e x t r a c t i o n .  
INTRODUCTION 
The va lue  o r  a v a i l a b i l i t y  of t h e  cogenera- 
t i o n  a l t e r n a t i v e  i s  n o t  always d i s c e r n i b l e  t o  
those  i n  s e a r c h  of energy and economic optimiza- 
t i o n .  Such was t h e  c a s e  a t  Rice  U n i v e r s i t y  i n  
1983, when they s t a r t e d  cons ide r ing  t h e  need f o r  
two thousand a d d i t i o n a l  t ons  of a i r  c o n d i t i o n i n g  
f o r  t h e i r  c e n t r a l  h e a t i n g  and c o o l i n g  p l a n t .  The 
c o n s u l t i n g  e n g i n e e r  cons ide red  t h e  fo l lowing  
a l t e r n a t i v e s :  
1. E l e c t r i c  c e n t r i f u g a l  
2. Steam t u r b i n e  c e n t r i f u g a l  
3. D i r e c t  f i r e d  absorption--two-stage 
abso rp t ion  
4 .  Cogenerat ion w i t h  steam two-stage 
abso rp t ion .  
The f o u r t h  a l ternat ive--cogenerat ion-- turned o u t  
t o  have t h e  h i g h e s t  i n i t i a l  c a p i t a l  c o s t  b u t  a l s o  
o f f e r e d  t h e  g r e a t e s t  r e t u r n  on investment  (ROI) . 
Though Rice  had bo th  s team t u r b i n e  and e l e c t r i c  
c e n t r i f u g a l  c h i l l e r s  i n  o p e r a t i o n ,  a d d i t i o n a l  
u n i t s  would o f f e r  a  n e g a t i v e  o r  z e r o  ROI respec-  
t i v e l y .  
I f  Rice  U n i v e r s i t y  comes t o  cogene ra t ion  by t h e  
"back door" s o  t o  speak,  what does  t h e  " f r o n t  
door" look l i k e ?  Cogenerat ion by  o t h e r  names has  
been around s i n c e  t h e  e a r l y  days  of  t h e  i n d u s t r i a l  
r e v o l u t i o n .  I n  1900 t h e r e  was o v e r  3000 MW co- 
gene ra t ed  e l e c t r i c i t y .  By 1970, t h i s  number had 
r i s e n  t o  7000 MJ. C u r r e n t l y ,  t h e r e  i s  approxi-  
mate ly  28,000 bW of cogene ra t ion  and t h a t  number 
is  p r o j e c t e d  t o  double  by t h e  y e a r  2000--according 
t o  t h e  American Gas Assoc ia t ion .  The market 
r e s e a r c h  f i r m  of F r o s t  & S u l l i v a n  p red i . c t s  t he  
cogene ra t ion  market through t h e  y e a r  2000 w i l l  
r e q u i r e  a t  l e a s t  $3 b i l l i o n  i n  equipment,  an  
e q u i v a l e n t  amount i n  e n g i n e e r i n g ,  c o n s t r u c t i o n  and 
c o n s u l t i n g ,  and $1.5 m i l l i o n  f o r  o p e r a t i o n s  and 
maintenance c o s t  ( exc lud ing  f u e l ) .  
There a r e  few cases--using f o s s i l  fuels- -  
where t h e  g r o s s  c o s t  of g e n e r a t i n g  e l e c t r i c i t y  
independen t ly  i s  l e s s  than what t h e  l o c a l  u t i l i t y  
is  s e l l i n g  i t  f o r .  It is  a lmost  always t h e  volume 
and v a l u e  of t h e  waste  h e a t  which u l t i m a t e l y  de- 
termines  t h e  economic v i a b i l i t y  of t h e  cogene ra t ion  
investment  whether i t ' s  a  g i a n t  Gulf Coast chemical  
p l a n t  u s ing  h igh  p r e s s u r e  s team,  o r  a  sma l l  mo te l  
g e n e r a t i n g  a i r  c o n d i t i o n i n g  and domest ic  h o t  
wa te r .  It was t h e  e f f i c i e n c y  of  t h e  two-stage, 
p a r a l l e l  f low a b s o r p t i o n  c h i l l e r s  which made-co- 
g e n e r a t i o n  a t t r a c t i v e  f o r  R ice  U n i v e r s i t y .  
SYSTEM DESCRIPTION 
The thermal  r equ i remen t s  of t h e  Rice  u t i l i t y  
sys tem were s team a t  250 p s i g  a s  w e l l  a s  c h i l l e d  
wa te r  a t  44 degrees  F. For t h i s  r e a s o n ,  i t  was 
decided t o  use  a  h e a t  r ecove ry  b o i l e r  t o  make 
s team o f f  t h e  gas  t u r b i n e  exhaus t  and p u t  t h i s  
s team d i r e c t l y  i n t o  t h e  d i s t r i b u t i o n  manifold  
a long  w i t h  t h e  two remaining 25,000 pph g a s  f i r e d  
package b o i l e r s .  The cho ice  of t h e  g a s  t u r b i n e  
was p r e d i c a t e d  n o t  on ly  by p r i c e ,  f u e l  e f f i c i e n c y  
p a r t s  and s e r v i c e  a v a i l a b i l i t y .  and n o i s e ,  b u t  
a l s o  by i ts  s teaming o r  r e c o v e r a b l e  h e a t  r a t e .  
The chosen gas  t u r b i n e  was r a t e d  a t  3.45 MW (ISO) 
15,037 BTU/KW(LHV), and 25,000 pph @ 250 p s i g .  
Under a c t u a l  o p e r a t i n g  c o n d i t i o n s ,  t h e  u n i t  can 
produce ove r  30,000 pph--See Figure 1. 
The gas  t u r b i n e  g e n e r a t o r  is  p a r a l l e l e d  wi th  
the  l o c a l  e l e c t r i c  u t i l i t y  through t h e  main d i s -  
t r i b u t i o n  swi tchboard i n  t h e  c e n t r a l  p l a n t .  The 
c o n t r o l s  a r e  s e t  s o  t h a t ,  a t  no  t i m e  can t h e  l o a d  
on t h e  g e n e r a t o r  exceed 90% of  t h e  campus demand. 
Because of  U n i v e r s i t y  r e s t r i c t i o n s ,  no power can 
be  s o l d  t o  t h e  u t i l i t y  s o  i t  i s  impor t an t  t h a t  
t h e  power p l a n t  be  a  n e t  impor t e r  of e l e c t r i c i t y  
r a t h e r  than have import -expor t .  Th i s  a l s o  made 
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d e a l i n g  wi th  the  u t i l i t y  e a s i e r  s i n c e  t h e r e  was 
no "buyback" r a t e  t o  n e g o t i a t e .  
The s e l e c t i o n  of  abso rp t ion  c h i l l e r s  was t h e  
key t o  o v e r a l l  o p e r a t i n g  e f f i c i e n c y  of  t h e  system. 
Had conven t iona l  s i n g l e  s t a g e  c h i l l e r s  been chosen 
(18 t o  20 l b / t o n ) ,  t hen  t h e  recovered s team from 
t h e  t u r b i n e  would on ly  have produced 1200-1300 
tons--far l e s s  than  r e q u i r e d .  I f  two-stage, s e r -  
i e s  f low a b s o r b e r s  had been chosen (12.5 l b / t o n ) ,  
t hen  t h e  r e q u i r e d  2000 tons  could  have been pro- 
duced b u t  t h e r e  would have been n o  s team l e f t  
ove r  f o r  o t h e r  s m a l l  sys tem requ i remen t s ,  and one 
o f  t h e  gas  f i r e d  b o i l e r s  would have had t o  have 
been on l i n e  a l l  t h e  t i m e .  Not on ly  t h a t ,  b u t  
t h e  two-stage, s e r i e s  f low abso rbe r s  were phys- 
i c a l l y  too b i g  t o  f i t  t he  l i m i t e d  space  a v a i l a b l e  
i n  the  e x i s t i n g  c e n t r a l  p l a n t  and would have re- 
q u i r e d  a  s e p a r a t e l y  cons t ruc ted  f a c i l i t y  a t  a  
s u b s t a n t i a l  c o s t  premium. The two-stage, para-  
l l e l  f low abso rbe r s  chosen had a  s team r a t e  of  
9 .7  l b / t o n  l e a v i n g  approximately  5000 pph f o r  
s team system use .  The two 1000 ton  c h i l l e r s  f i t  
snugly  i n t o  t h e  space  a v a i l a b l e  w i t h i n  t h e  c e n t r a l  
power p l a n t .  
Concentra ted  l i t h i u m  bromide from t h e  f i r s t  
and second s t a g e  g e n e r a t o r s  is sprayed and cooled 
ove r  t h e  a b s o r b e r  tubes .  The r e f r i g e r a n t  vaoor  
from t h e  e v a p o r a t o r  is absorbed by  t h e  l i t h i u m  
bromide s o l u t i o n ,  t he reby  making i t  more d i l u t e d .  
The d i l u t e d  s o l u t i o n  of  coo led  l i t h i u m  bromide is  
now ready  t o  b e  pumped back t o  t h e  f i r s t  o r  second 
s t a g e  g e n e r a t o r s  t o  s t a r t  t h e  p rocess  a l l  ove r  
aga in .  
There  a r e  s e v e r a l  h igh  e f f i c i e n c y  h e a t  ex- 
changers  on t h e  c h i l l e r  which use  t h e  h o t ,  concen- 
t r a t e d  s o l u t i o n  o f  l i t h i u m  bromide from t h e  f i r s t  
and second s t a g e  g e n e r a t o r s  t o  pre-heat t h e  coo l .  
d i l u t e d  l i t h i u m  bromide on i t s  way from t h e  ab- 
s o r b e r  back t o  t h e  h o t  s i d e  of  t h e  f i r s t  and sec-  
ond s t a g e  g e n e r a t o r s .  
VALUE OF RECOVERED HEAT 
I f  we c o n s i d e r  t h e  c o s t  o f  f u e l  a t  $4,60/MCF 
(1040 BTU/CF) and u t i l i t y  e l e c t r i c i t y  a t  $. 065/KW, 
then t h e  va lue  of t h e  t o t a l  r ecove red  h e a t  i s  a s  
fo l lows  : 
Table 1 
ABSORBER 
The technology of  a b s o r p t i o n  is o l d .  It was 
inven ted  i n  1777, and t h e  f i r s t  commercial c h i l l e r  
was pa ten ted  i n  1860. S ince  then ,  a b s o r p t i o n  
technology grew i n  t h e  Uni ted  S t a t e s  u n t i l  i n  
1973 when t h e  c o s t  of  f u e l  s t a r t e d  t o  s p i r a l .  At 
t h a t  t ime,  40% of  a l l  l a r g e  tonnage (100 t o n s  & 
over )  a i r  c o n d i t i o n i n g  i n  t h e  Uni ted  S t a t e s  was 
b y  abso rp t ion .  I n  Japan however, t h e  energy 
crunch had s t a r t e d  e a r l i e r  and i n  1967, t h e  
Japanese  p u t  t h e i r  f i r s t  h igh  e f f i c i e n c y  two-stage 
p a r a l l e l  f low c h i l l e r  i n t o  commercial o p e r a t i o n .  
The c o e f f i c i e n t  of  performance (COP) of  t h e s e  new 
two-stage u n i t s  was 1 .05 then  compared t o  COP'S of  
.6 f o r  s i n g l e  s t a g e  a b s o r b e r s  and .95 f o r  t h e  
two-stage abso rbe r s  i n  t h i s  coun t ry .  S i n c e  then ,  
major s t r i d e s  i n  me ta l lu rgy ,  des ign  and manufac- 
t u r i n g  have inc reased  t h e  COP of t h e  steAm two- 
s t a g e ,  p a r a l l e l  f low a b s o r b e r s  t o  a s  h igh  a s  1 .34 
(8.9 l b / t o n ) .  
The o p e r a t i o n  of t h e  two-stage, p a r a l l e l  f low 
a b s o r b e r s  is  shown i n  F igure  Z. Steam a t  114.7 
p s i g  is in t roduced  i n t o  t h e  f i r s t  s t a g e  which 
b r i n g s  t h e  temperature  of t h e  d i l u t e d  l i t h i u m  bro- 
mide s o l u t i o n  up t o  300-310 degrees  F. The r e f r i g -  
e r a n t  (wa te r )  is vapor i zed  and d r i v e n  o f f  a t  195 
degrees  F. Th i s  h o t  vapor  is then  moved t o  t h e  
second s t a g e  g e n e r a t o r  where t h e  s e n s i b l e  h e a t  and 
t h e  l a t e n t  h e a t  o f  v a p o r i z a t i o n  s u p p l y  energy t o  
h e a t  more d i l u t e d  l i t h i u m  bromide s o l u t i o n  and 
d r i v e  o f f  more r e f r i g e r a n t  vapor .  The condensed 
vapor  from t h e  f i r s t  s t a g e  and t h e  vapor  from t h e  
second s t a g e  a r e  condensed and cooled i n  t h e  con- 
densor .  The cooled r e f r i g e r a n t  l i q u i d  is  flowed 
i n t o  t h e  evapora to r  where a  change i n  p r e s s u r e  
r educes  i ts  temperature  t o  39 degrees  F. The co ld  
r e f r i g e r a n t  is  pumped through s p e c i a l  s t a i n l e s s  
s t e e l  sp ray  nozz le s  ove r  t h e  e v a p o r a t o r  tubes  and 
absorbs  t h e  h e a t  from t h e  c o o l i n g  wa te r  l oad .  As 
t h e  r e f r i g e r a n t  i s  warmed by t h i s  h e a t ,  i t  vapor- 
i z e s .  
Steam A v a i l a b l e  
= 25000#/HR 
A/C Produced (T) 1315 2000 2000 
Steam f o r  P rocess  
( ~ ~ I w  500 5600 
VALUE 
A/C @ Elec .  
($.045/T-HR) $59.83 $91.00 $91.00 
Steam 
($5.75/MLB) 0.00 $ 2 . 8 8  $32.22 
................................................. 
TOTAL PER HOUR $59.83 $93.88 $123.20 
Because of  t h e  l o a d  c y c l e  a t  Rice ,  t h e  minimum 
load  on t h e  c h i l l e d  w a t e r  sys t em is  800-1000 
tons  d u r i n g  t h e  w i n t e r .  The cogen c h i l l e r s  w i l l  
have an  annua l  l o a d  f a c t o r  o f  g r e a t e r  t h a n  90%. 
The two-stage p a r a l l e l  f l o w  c h i l l e r s  show an  
a d d i t i o n a l  annua l  savings--or i n c r e a s e  i n  ROI--of 
o v e r  $200,00O/M( compared t o  t h e  n e x t  b e s t  consid- 
e r a  t i o n .  
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CONCLUSION 
The gas t u r b i n e - c h i l l e r  i n s t a l l a t i o n  a t  Rice  
Un ive r s i ty  i s  a  p e r f e c t  example t o  d i s p e l  t h e  myth 
t h a t  "cogenerat ion is p r i m a r i l y  f o r  t h e  p roduc t ion  
of  e l e c t r i c i t y  t o  u s e  and sel l  t h e  excess  t o  t h e  
u t i l i t y . "  The thermal  needs  f o r  a  f a c i l i t y  d ic-  
t a t e  n o t  only  t h e  power equipment se lec t ion--gas  
t u r b i n e ,  I . C . ,  eng ine  o r  steam turbine--but a l s o  
va lue  c o n s i d e r a t i o n  f o r  h e a t  recovery.  Rice  
Un ive r s i ty  i s  0 p t i m i Z i n ~  i t s  thermal  recovery 
oppor tun i ty  by ;sing t h e  two-stage, p a r a l l e l -  f low 
a b s o r p t i o n  c h i l l e r s .  High thermal  e f f i c i e n c y  and 
o p e r a t i o n a l  f l e x i b i l i t v  have r ep laced  t h e  s h o r t -  
comings of 1960-70 v i n t a g e  a b s o r p t i o n  c h i l l e r  
technology. Th i s  new advancement i n  a b s o r p t i o n  
c h i l l e r s  adds g r e a t l y  t o  c o g e n e r a t i o n ' s  success-  
f u l  march i n t o  the  t w e n t y - f i r s t  cen tu ry .  
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